Comparisons were made of muscle spindle structure between phasic and tonic muscles stained by the gold chloride method.
The most significant difference was in the ring diameter of the sensory nerve terminals wrapped around the nuclear bags.
In tibialis anterior it was largest, in gastrocnemius intermediate, and in soleus smallest.
This order corresponds to the contraction time, tibialis anterior being the fastest and soleus the slowest of these muscles. Since the nuclear bag fiber is responsible for the phasic component of muscle spindle discharge, and a large ring diameter of its sensory nerve terminals would be more phasic than a small one, the discharge of spindles in tibialis anterior should be more phasic than that from soleus during an identical rapid stretch.
Usually a deep extensor muscle (e.g., soleus) is a slow or tonic muscle, while flexor (e.g., tibialis anterior) and superficial extensor muscles (e.g., gastrocnemius) tend to be fast or phasic muscles. The motor nerve fibers innervating tonic muscle are thinner in diameter and slower in conduction velocity than those innervating phasic muscle. After tetanic stimulation of the afferent nerve, motoneurons of tonic muscles, the so-called small alpha motoneurons discharge in response to stretch for much longer duration than the large alpha motoneurons innervating phasic muscles (Granit et al., 1956 ). Also, the time course of the afterhyperpolari zation of small alpha motoneurons is much longer than that of the large alpha motoneurons ( Eccles et al., 1958) .
The only significant physiological distinction between the sensory mechanisms of tonic and phasic muscle, outside of slight variation in the diameter and conduc tion voleocity of la fibers, (Lloyd and Chang, 1948; Hunt, 1955 ) is in the nature of the discharge from muscle spindle elicited by stretch (Harvey and Matthews, 1961; Granit and Homma, 1959a) . The rate of change of the discharge frequency for a given rate of stretch is larger in primary spindle afferents from phasic muscles than in those from tonic muscles (Granit and Homma, 1959b) . The mor phological basis of this phenomenon is not clear. A detailed analysis of the number and distribution of muscle spindles, their tandem linkage, spindle lengths, the number and size of intrafusal muscle fibers, and the dimensions of the periaxial space has been made in tonic and phasic muscles (Swett and Eldred 1960a, b; Barker, 1962 Barker, , 1963 but has failed to reveal differences. Although the structure of the muscle spindle itself was almost the same in phasic and tonic muscles, the ratio of length of spindles to the length of the extrafusal fascicle was over one third in gastrocnemius, but one fifth in solues, a fact used by Swett and Eldred (1960 a, b) to explain the variation of spindle discharge patterns.
The more recent demonstration that the dynamic component of the spindle discharge recorded from la fibers results from excitation of fibres wrapped around the equatorial region on the nuclear bag fibers, while the static component results from excitation of terminal branches on the nuclear chain fibers raises new problems (Boyd, 1958 Jansen and Matthews, 1961) . Is it possible that there is in fact some variation in the morphology of the terminations of afferent fibers on nuclear bag which may underlie the difference in dynamic discharge patterns in spindle afferents in tonic and phasic muscle?
This study therefore has been designed to investigate the morphology of the afferent terminals on nuclear bag and nuclear chain fibers in muscle spindles of tonic and phasic muscles in cats and monkeys to determine if differences exist.
METHODS
Cats (2-3 kg) and monkeys (3-4 kg) were used as experimental animals. Specimens were excised, and from soleus (S) as representative of tonic muscle from gastrocnemius (G) and tibialis anterior (TA) muscles as representatives of phasic muscle. The muscle was sectioned longitudinally and stained by the gold chloride method. The number of preparations were 52 S, 33 G and 36 TA from two cats and 40 S, 33 G and 30 TA from four monkeys.
Measurements were made at magnification of 400 times the length and the diameter of primary endings, the ring diameter of the sensory nerve terminals wrapped around the nuclear bags, the fiber diameter of group la afferent ter mination and the number of spiral rings per unit length'(504u) of the nuclear bags.
The measured values were compared between phasic and tonic muscles and bet ween cats and monkeys. RESULTS 
The size of primary endings
The length of a primary ending was measured from the appearance of the sensory nerve terminals to their disappearance along the long axis of the muscle spindle. The diameter was measured from the same source to the terminals 
DISCUSSION
According to Katz (1951a, b) there are three processes leading from the mechanical stimulation of a muscle spindle to its discharge : the deformation of the muscle spindle; the development of a generator potential (his "spindle potential"); and the initiation of impulse discharges. The dynamic (phasic) and static (tonic) components in spindle discharges, according to Katz, are respectively initiated by the dynamic and static components of the generator potentials. Thus the spindle constant (relation between rate of change of extension and rate of change of spindle discharge interval (Grant and Homma, 1959b)) is determined by the dynamic component, and extension-frequency relation by the static com ponent of the generator potential. Since the dynamic component of primary spindle discharges principally arises from the nuclear bag fibers and the static component from the nuclear chain fibers (Bessou and Laport 1962; Jansen and Matthews 1961), it is probable that the generator potential differs in each of the two types of intrafusal fiber.
Because of the dependence of the induced generator potential on intrafusal deformation, differences in the size of the fibers and hence of the appended nerve terminals might be of importance in determining the magnitude of the potential. Therefore, the effects of mechanical stimulation to the nuclear bag might be modified by the ring diameter of the nerve terminals: the decrease of ring diameter of the nerve terminals caused by an identical stretch would be smaller in nerve terminals of large diameter than in those of small diameter. This would imply that the larger the ring diameter of nerve terminals the wider the deforma tion range through which they can respond.
Nuclear bags are packed with many spherical and light nuclei. The signifi cance of these nuclei is not yet known. Cooper and Daniel (1956) detected them to have an important role in primary ending discharge and several morphological observations suggest that there are humoral processes involved. The nuclei, by a secretory mechanism, may be the mediator of these processes (Nakayama, 1944; Robertson, 1957 ). If such is true then it is possible that the differences of the nuclear bag's diameter, and accordingly of the numbers or size of the central nuclei, might result in a different amplitude of the generator potential.
The criteria used to establish the differences of the diameter of the nuclear bag regions between phasic and tonic muscles also indirectly serve to deduce the diameter of the nuclear bag muscle fiber itself. There are many confliciting opin ions about the significance of muscle fiber diameter with relation to function. For individual muscles, however, it appears that the function changes from phasic to tonic as diameter becomes smaller, i.e., in the order of extrafusal muscle fibers, nuclear bag fibers, and nuclear chain fibers . The activity of nuclear bag fibers therefore could be anticipated to be more phasic or more tonic depending on whether they are thicker or finer. The property of intrafusal muscle fibers will, of course, influence the time course of generator potentials.
Though the primary endings had the same diameter in phasic and tonic muscles, the diameters of the nuclear bag fibers to which they are connected are larger in phasic than in tonic muscle. Therefore, it can be assumed that the residual parts of the primary endings, i.e., nuclear chain regions, have smaller diameter in phasic than in tonic muscle. This is, however, an indirect conclusion and more reliable morphological data is needed before postulating a relationship between the magnitude of the tonic component of spindle discharges and the size of the nuclear chain fibers.
The comparison made between spindle organs in cats and monkeys has revelaed several differences in the muscle spindles in the two animals. In most instances the diameters of the primary endings, of the nuclear bags, and of la fibers near their endings were smaller in monkeys than in cats. However, there is no available data of any functional variations which may correspond to the morphological facts.
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